Introduction
The return to investing in education, based on past empirical studies, is known to differ between individuals. For example, evidence from the United States (see for example, Ingram and Neumann 2005) shows that over the past decades, individuals with college education but without specific skills experienced the lowest benefits from investing in education. Therefore, labor markets may favor individuals with a wide range of (cognitive or non-cognitive) skills; for such individuals, skills are expected to interact positively with education, resulting in higher benefits from education investments.
Figure 1: Observable versus Unobservable Skills
As highlighted in Figure 1 , (observable) skills as well as (unobservable) skills, are generated through schooling as well as elsewhere in life (such as within the family When a true measure of ability is an omitted variable in the earnings equation, different approaches have been used in the empirical literature to capture the "true" return to education. § This paper uses achievement test scores measuring adult literacy skills (generally measures of capability to process and apply knowledge, particularly in the workplace), and employs them as additional controls in the earnings function. One should, however, keep in mind that both schooling and the test scores are generated by the same latent ability and, therefore, be aware of the joint causality between schooling and test scores (see Hansen et. al. 2003; Nordin 2005) .
We use the International Adult Literacy Survey (IALS) and the Adult Literacy and Life Skills (ALL) data, which contain direct measures of adult literacy. The IALS and ALL data have been used in several studies. Blau and Khan (2001) examined the role of cognitive skills in explaining higher wage inequality in the United States. Leuven et al. (2004) used IALS data for 15 countries and explored the hypothesis that wage differentials between skill groups across countries are consistent with a demand and supply framework. They find that cognitive achievement is an important § One approach uses twins, to arrive at a measure of the causal return to education. For example Ashenfelter and Rouse (1998) and Rouse (1997) using data from the US, have compared the earnings of twins with different educational levels, and reported an estimate of the return to education that is about 30 percent smaller than the OLS estimate. Another approach uses sources for exogenous variation in educational attainment, such as institutional changes in the schooling system in the form of changes in compulsory schooling laws, abolition of fees, etc., as well as other "natural variations" (i.e., school construction projects and other "natural experiments") affecting the schooling decision, to estimate a causal return to education effect using instrumental variable estimation.
determinant of earnings in all countries examined except Poland and Finland; they also find that about one-third of the variation in relative wages between skill groups across countries is explained by differences in net supply of skill groups. Green and Riddell (2003) used the measure of literacy in the IALS data set to examine the influence of observable and unobserved skills on earnings in Canada. They find that literacy skills contribute significantly to earnings and that their inclusion in earnings equations reduces the measured impact of schooling. They also find that schooling and literacy do not interact in influencing earnings. Their findings suggest that observed and unobserved skills are both productive but that having more of one skill does not enhance the other's productivity. Devroye and Freeman (2001) used the same data and found that skill inequality among advanced countries explains only about 7 percent of the cross-country differences in earnings inequality. They also find that the bulk of cross-country differences in earnings inequality occur within skill groups, not between them. Hanushek and Zhang (2006) use IALS data to control for the quality of education's impact on the returns to education. They construct quality-adjusted measures of schooling attained at different time periods and use these along with international literacy test information to estimate returns to skills for 13 countries. Their estimated returns to quality-adjusted education are considerably higher than the traditional estimate for most countries, but these are offset to varying degrees by selection biases on ability. The combined corrections alter significantly the pattern of returns to schooling estimated from Mincer wage equations.
In this paper we use a methodology previously used by Ishikawa and Ryan (2002) ; it is a two-step approach which splits skill by origin to generate estimates of the return to schooling-associated and non-schooling-associated labor marker relevant skills. We apply this approach to 14 countries or regions using the IALS and ALL datasets. ** We show that: (1) skills acquired via schooling account for a larger part of the return to schooling, compared to what is implied by earlier methodologies (as summarized in Bowles et al. 2001) and (2) there is heterogeneity and a dichotomy between two groups of countries. For a subgroup of educationally advanced countries, the labor market predominantly rewards observable skills compared to non-observable. In the rest of the countries, only a small part of the reward can be attributed to skills acquired in school, as was the case when using earlier methodologies.
Methodology
In the basic Mincerian human-capital model (Mincer 1974) , schooling is assumed to be independent of ability and the return from schooling investments is equal for all individuals. However, in the contemporary literature it is acknowledged that the return to schooling should differ for different skill levels. Intuitively, an estimate of the average return to schooling probably overestimates the return for less-skilled workers and underestimates the return to the highly skilled. One should, therefore allow skill to affect the rate of return to schooling investments.
Attempts to account for basic skills in earnings functions include, for low-income countries: Jolliffe (1998) for Ghana, Boissiere et al. (1985) for Kenya and Tanzania, Behrman et al. (1997) for
Pakistan; for lower-middle-income countries: Psacharopoulos and Velez (1992) for Colombia, Angrist and Lavy (1997) for Morocco; for upper-middle-income countries, Case and Yogo (1999) and Moll (1998) for South Africa; Patrinos and Sakellariou (2011) for Chile; and for high-income countries, Finnie and Meng (2001) and Green and Riddell (2003) Altonji and Dunn (1996b) , Murnane et al. (2000) , Murnane et al. (1995) , Betts (1995) and Card and Krueger (1992) for the United States.
We use the adult literacy score as a measure of basic skill (adult functional literacy and numeracy) † † to proxy for unobserved effects. We expect that the inclusion of a direct measure of such skills will reduce the estimated education coefficient, so that the coefficient on education then mostly captures the effect of schooling alone, having controlled for a range skills.
Given a distribution of wages, we assume that workers at different parts of the distribution benefit from different types of skills and abilities, including inherent unobserved ability. Less-skilled workers predominate in the lower quantiles of the distribution, while the highly skilled predominate in the upper quantiles of the distribution. However, it is hypothesized that adult literacy and numeracy (basic skills) are mostly relevant at lower parts of the earnings distribution, compared to the higher end of the distribution, where higher level skills are more relevant.
Consider the Mincerian wage function without and with controlling for basic skills (functional literacy):
where W i , S i , X i and L i represent the hourly wage, years of schooling, other characteristics and the total literacy score (from the IALS and ALL datasets) of worker i. The traditional Mincerian wage † † Throughout this paper we will use the terms "adult skills", "functional literacy" and "adult literacy" interchangeably. In what follows, we explore an alternative methodology in obtaining additional information about the relative sizes of components of the return to schooling for a heterogeneous group of countries.
Consider the following theoretical model (see Farber and Gibbons 1996; Ishikawa and Ryan 2002; Tyler 2004) :
where LS stands for skills associated with schooling, NSL for skills acquired elsewhere, NSNL for other -mostly unobservable -skills, F for family background variables and A for innate ability, while X is a vector of other controls (in our case years of potential labor market experience and its square). We distinguish, therefore between skills which can be acquired either through schooling or outside the school and other skills which, likewise may be acquired through schooling or outside the school.
In this model, the coefficient α 1 is a measure of the pure return to schooling. Note that measures of innate ability and other unobservable skills are not usually available in data sets. If a measure of the component associated with school-generated functional skills (SL) can be acquired, the following equation could have been estimated:
and the coefficient β 1 would be a measure of the return to schooling which is not associated with basic skills.
As in Ishikawa and Ryan, first, the total literacy score (the IALS or ALL scores in our case) is regressed on education qualifications (SQ), that is, type of qualification (i.e., high school, university, etc.), as well as family background and other characteristics:
In our case vector Z includes information on father's and mother's education, age, location of residence, as well as additional information contained in the survey, such as having taken a training course during the past year, using libraries often, reading books at home often, attending plays, etc.
A measure of skill associated with schooling is obtained from equation (3) using the schooling coefficient γ 1 as follows:
Then,
The equation to be estimated now becomes:
where the sum of SL and NSL scores equals the total literacy score in equation 3. Now, the two components of the return to schooling can be estimated as:
If one goes as far as assuming that the gross literacy score captures all of the productivity enhancing basic skills acquired through schooling (along with skills acquired elsewhere), the estimated coefficient δ 1 would represent the market signaling value of an additional year of schooling (after controlling for skills acquired in school and elsewhere -but not natural ability), while δ 2 and δ 3 would represent respectively the returns to those skills acquired at school and elsewhere, respectively.
However, it is probably more realistic to assume that the literacy score does not capture all the labor market relevant skills acquired in school; therefore, S contains those productivity enhancing skills acquired in school and are not captured in the literacy score (see also Tyler 2004). The estimated coefficient δ 1 will then represent a mixture of returns to those skills acquired in school and not captured by the literacy score and the signaling value of schooling. Ishikawa and Ryan (2002) , using the 1992 American National Adult Literacy Survey, found that for the most part it is the substance of learning in school which predominantly affects wages. On the other hand, Gintis (1971) and Bowles et al. (2001) , after surveying the literature over several decades, find that what is predominantly rewarded in the labor market is the (unobservable) non-cognitive component of schooling, rather than basic skills.
Data
The International Adult Literacy Survey (IALS) was carried out in 20 countries in the mid-to late 1990s, a project undertaken by the governments of the countries and three intergovernmental organizations. ‡ ‡ It is a carefully designed, innovative survey of adult populations, and goes beyond just measuring literacy capabilities to assessing how these capabilities are applied to everyday activities. The IALS was followed by an extensive quality review (see Murray et al. 1998) 
Results
The working sample in this multi-country study includes males employed for wages between the ages of 22 and 65. Empirical results are restricted to males, as earnings function estimates for females would hinge on the extent of selectivity bias § § . The dependent variable in the earnings regressions is the logarithm of the hourly wage, calculated using information on yearly earnings from wages, hours worked per week and weeks worked per year. In the estimation of earnings functions, gross § § Potential selectivity could be serious, given that in some of the countries female labor force participation is low (for example, it is 57 % in Switzerland (It.), 58 % in Italy and only 36 % in Chile).
achievement scores were standardized. Therefore, the estimated coefficient of the standardized score measures the approximate percentage change in the hourly wage arising from a one standard deviation increase in the score.
In estimating equation 6, there is the possibility to encounter a multicollinearity problem due to the potential correlation between years of schooling and the derived schooling skills variable (SL). In our case, after measuring the variance inflation factors (VIF), no significant multicollinearity (that is over and above what is introduced by the correlation of experience and its square with years of schooling in a Mincerian equation) was encountered.
The earnings functions results for all countries along with the Variance Inflation Factors are presented in the Appendix. Column I presents the results from a standard Mincerian specification, while in column II, the gross standardized score enters the equation. In columns III and IV, the gross standardized score is replaced by the (standardized) SL and the SL along with the NSL measures, respectively.
Results are summarized in Table 1 . The return to schooling estimates in column I (α 1 , from equation 1) measure the full impact of schooling on earnings. This includes the effect of skills acquired at school as well as the signaling effect of schooling. The estimates vary from 3.3 percent (Norway) to 13.4 percent (Nuevo Leon). Once the independent effect of the gross literacy score (L) is accounted for (coefficient β 1 from equation 2, in column II), the return to an additional year of schooling, as expected, decreases with an average decline of about 18% (from 6.7% to 5.5%). Given that it is unlikely that all relevant skills are acquired at school (which is implicitly assumed in the column II estimation), in column III we control for those skills associated with schooling (SL). As a result, the years of schooling coefficient (δ 1 , from equation 6) generally declines compared to column I, and this is more so for a subgroup of educationally advanced countries.
So, using the information from Table 1 in schooling is its non-literacy component (with the set of estimates associated with estimated coefficient δ 1 , on average slightly lower); however, there is significant heterogeneity and a dichotomy between the two subgroups of countries -the educationally advanced and the less educationally advanced.
In Table 2 , we divide the 14 countries in two groups of 7 after ranking the countries by average achievement score. We see that there is a strong negative association between country achievement score and dispersion of score. Chile, Slovenia and Italy rank at the bottom in average score and at the top in score dispersion; the opposite is the case for countries such as Norway, Finland, Denmark and Switzerland (German and French); that is in the best performing group of countries, not only quality of skill is higher on average, but skill is more evenly distributed.
The findings suggest that for the subgroup of better performers, the labor market reward for the component associated with functional literacy is substantial (on average nearly half of the gross return). In these countries, therefore, while schooling contributes to earnings, additional schooling must be accompanied by better functional literacy. In the subgroup of worse performers, on the other hand, predominantly schooling is rewarded independently of skill. Another observation from looking at column 4 in the Appendix tables 1-14, is that for the first group of countries, generally, the coefficient of SL (δ 2 ) is clearly larger than the coefficient of NSL (δ 3 ). In the second group of countries, however, the opposite is true. This may have to do with signaling and whether better educated workers, after entering the labor market can obtain jobs which are a better match to their skill quality. With incomplete information, employers cannot observe workers' real productivity and have to pay them their expected marginal product, conditional on a noisy signal and some easily observable characteristic such as education. There is evidence (see Arcidiacono et al. 2010 ) that college attendance specifically plays a much more direct role in revealing ability in the United States labor market in early careers; ability is observed nearly perfectly for college graduates, but is revealed much more gradually for high school graduates.
Overall (that is, taking the average estimates over the entire group of countries examined), the evidence given in this paper does suggest that functional literacy skills account for a larger part of the return to schooling, compared to what is implied when accounting for the gross literacy score in the earnings function -but not by much (about 30 percent versus 20 percent on average). However, the main result is that there is considerable heterogeneity and a dichotomy between two groups of countries. † † †
The heterogeneity of the results with respect to the two groups of countries suggests that the labor market reward varies with the quality of skill the education system can generate in each country. In the first group of countries, the market rewards functional literacy substantially. On the other hand, in the second group of countries, the market overwhelmingly rewards skills acquired outside the school.
In the educationally advanced group of countries, the quality of skill generated is such that the labor market recognizes its value and rewards it. In other words, there is something about the skills being taught in schools in these countries that make them more relevant to the needs of employers. In the less educationally advanced group of countries, the skill quality generated is low and more dispersed; † † † Note also the difference in the pattern between Switzerland-German and Switzerland-French on the one hand and Switzerland-Italian on the other.
given asymmetric information in the labor market, the returns to schooling reflects their signaling value.
The findings, therefore, can be placed within the labor market signaling theory. Consider two hypothetical countries (labor markets) which are polar opposites: in the first, assume that due to the high quality of skill generated by the education system, workers possess a high quality of labormarket-relevant literacy skills which are equally distributed among workers; in the second, assume not only that skill quality is low, but also very dispersed between workers. Hence, in the first case, there is less of a reason for employers (who are interested in hiring productive workers) to rely on signaling, as they face a certain prospect, rather than a lottery; the opposite is true in the second case, where employers face a lottery and are expected to rely much more on signaling through education, which is taken to predict worker productivity.
The evidence in this paper confirms that labor markets are effective in distinguishing and rewarding highly skilled workers. In labor markets schooling serves to increase the cognitive skills of individuals and to signal high ability. In the second group of countries in this paper, most of the schooling value is due to signaling.
A number of questions arise from the findings which could be the focus of further research. For example, when education systems develop, does the share of the labor market return to functional literacy associated with schooling increase? Furthermore, is it possible that given a certain level of literacy, the labor market turns to reward other skills -or skills not measured by standardized tests (such as teamwork) -which may also be learned in schools? Finally, should efforts be directed in developing assessments of non-literacy labor market relevant skills?
Conclusion
Past evidence suggests that a very large part of the returns to schooling are generated by effects or correlates unrelated to literacy skills measured by the available tests. Using an approach which splits the measure of cognitive skills available between those acquired through schooling vs. those acquired elsewhere, and using data from the International Adult Literacy Surveys (IALS) and the Adult Literacy and Life Skills surveys (ALL), we obtain multi-country estimates of the components of the return to schooling.
It is found that there is large heterogeneity between countries. For a subgroup of countries with effective education systems, which produce workers well-endowed in labor market relevant functional skills, the labor market rewards these skills substantially, along with other, more difficult to measure skills. On the other hand, for countries with less effective education systems, only a very small part of the reward can be attributed to literacy skills; the coefficient of years of schooling largely reflects the signaling value of schooling. These results seem to suggest that, at least for the latter group of countries, a substantial component of the returns to schooling is generated by effects which are unrelated to skills measured by available tests. Correspondingly, the contribution of more literacy skills to earnings is substantially independent of schooling. * Information on tenure at current job was available, while information on age is incomplete. 
